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ABSTRACT
Hydrogen abstraction from toluene by methyl radicals, 
produced from the pyrolysis of dimethylmercury and tri- 
methylbismuth over the temperature range 39^°c ~ 524°C was 
studied.
CV  + °6H5CH3 ---” CH4 + C6H5CH2 or C6H4CH3 [a)
2 ch3 ' — , c£h6 [r]
The effect of contact time on the rate constant ratio 
1/2(ka/kr ) was determined to be such that conditions of 
very high percentage decompositions and very low percentage 
decomposition of the alkyl should be avoided. For the 
abstraction process, at infinite pressure E = 7-4 kcal. 
mole  ^ and log A(mole ^cc.sec. = 10.77-
For the pyrolysis of dimethylzinc in the presence of 
excess toluene over the temperature range 528 - 7^0°C 
decomposition occurs by the following mechanism
Zn(CH3)2  > ZnCH3 + CH3 [1]
Zn(CH3)  > Zn + CH3 [2]
where
log k^(sec. = 13-4 - (55*200/2.3 RT) at infinite
pressure
li
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log k2 (sec.-1) = 6.8 - (32,200/2.3 RT) at 10 cm.
The pressure dependence of the decomposition is in agreement 
with Kassel theory predictions if 7 effective oscillators 
are assumed.
i n
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CHAPTER I 
INTRODUCTION
General Introductory Remarks 
This research can be divided into two distinct sections
First a study of the effect of contact time was made on the
1/2ratio ka/kr , where ka is the rate constant for hydrogen 
atom abstraction from toluene by methyl radicals and kr is
the rate constant for methyl radical recombination. Also
1/2three ka/kr values in the pressure independent region at 
various temperatures were determined. These studies were 
carried out in order to try to explain anomalies in previous 
work (1).
The second section involved the determination of the 
Arrhenius parameters for dimethylzinc in the pressure inde­
pendent region. Previous investigators have studied the 
decomposition of dimethylzinc in a toluene carrier system 
(2), and in an argon carrier system coupled to a mass spec- 
tometer (3), but in the pressure dependent region. High 
pressure studies have been carried out in sealed ampoules (4) 
There was some contradiction in the mechanisms provided by 
the first group and by the static work at high pressure;
1
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thus as well an attempt was made to check the mechanism of 
the inhibited decomposition. For this purpose deuterated 
dimethylzinc (Zn(CD^)2) was used in order to better dis­
tinguish the sources of the products.
Bond Dissociation By the Kinetic Method 
The bond dissociation energy, D(R^-Rg), may be defined 
as the heat of the reaction
RxR2 T Rx + R2 [1]
at absolute zero and in the ideal gas state. The direct 
kinetic determination of bond dissociation energies depends 
on the assumption that for reaction [1], the activation 
energy of the reverse recombination reaction, E , is zero. 
Thus the activation energy of the forward reaction is equal 
to the energy of the reaction, or the bond dissociation 
energy.
There is considerable experimental justification (5- 
10) for the assumption that if either R^ or R^ is a simple 
radical the energy of activation for the recombination is 
very small. If there is an energy of activation, this 
would imply that two atoms of appropriate spin would suffer 
some repulsion on recombination, which would be a hump on 
the potential energy curve (Fig. 1). If there is no poten-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIGURE 1; Potential energy curve for unimolecular 
decomposition into two radicals.
(A) Energy of activation for recombination, 
finite
(B) Energy of activation for recombination, 
zero
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t.ial energy barrier for the recombination of the two radi­
cals, from the transition state theory, one can write the 
unimolecular rate constant as
K kT &*(T) e_D//RT
ki = i r l w
The total partition functions, 0(T) for the normal 
molecule and 0 (T) for the activated complex, may each be 
separated into translational (^.(t)), rotational (r(T)/0-~ ) 
and vibrational (v(T)) contributions.
The translational partition function
will be the same for the normal molecule and the activated 
complex.
The rotational partition function will have the form
r fT^  _ 87r2IkT 
^  h2
for a linear molecule, and
rfTl Bw2i2w\T'l^ /2 fABCl1/2 
^  " h3
for a non-linear molecule. The rotational partition func-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
tion will be nearly the same for the normal molecule and 
the activated complex.
If each mode of internal vibration behaves as a linear 
harmonic oscillator, the rate constant for a non-linear 
molecule may be written as
ki
K kT jeV aV cV / 2 ^  fl- e - ^ A T ^ -D/RT
h \ ABC / 3n-7 ,1_e-hv/kT.
7r ' '
If hv«kT, corresponding to a weak bond or very high
_hv
temperature, then (1-e ) T^hv/kT and
IT
Taking logarithms of both sides of this equation and 
differentiating with respect to temperature gives
d(ln k^)
dT 2RT
The Arrhenius activation energy is therefore equal to 
the bond dissociation energy.
“liv /kTAt the other extreme, where hv>>kt, (1-e )
becomes approximately equal to 1, and
* 1/2 -D/RTK G~ /A B C \ kT e
] 6^ \ ABC / h
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Differentiating the logarithmic form of this equation 
with respect to temperature gives
d<ln V  _ D + RT
dT rt2
Hence, by comparison with the Arrhenius equation, the 
limits D$ E < D  + RT may be placed on the experimental acti­
vation energy. Thus it would appear that the experimental 
activation energy for a unimolecular decomposition should 
be a reasonable approximation to the bond dissociation 
energy. However, it should be noted that the above dis­
cussion assumes that the experimental activation energy 
involved is the activation energy determined in the pres­
sure independent region.
Pressure Dependence of the Experimental 
Activation Energy in Unimolecular Reactions
A unimolecular reaction is one in which the activated
complex is formed from a single reactant molecule. The
eictivated complex gains the necessary energy of activation
by collisions with other molecules. The processes of
energization and deenergization by collision may be
represented by the equation (11)
kl
A + A A* + A
k-1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7The subsequent decomposition of the energized molecule is 
represented by the equations
* k2 #A* --- ► A
x k#
At --- * products
In this scheme there is a distinction made between an
£ £ 
activated molecule, A ,  and energized molecule A . An acti­
vated molecule is one which passes smoothly into the final 
state, while an energized molecule is one that has suffi­
cient energy and can become activated without acquiring 
further energy.
In order to explain the effect to k^ with pressure, 
Kassel (12) and Rice and Ramsperger (13) developed a theory 
which regards a molecule as a system of loosely coupled 
oscillators, with free flow of energy between the normal 
modes. Decomposition occurs when sufficient energy gets 
into the mode leading to decomposition. The rate at which 
energy passes into this particular normal mode is
k2 = k* /E_- eA3"1
\ E
and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
where
E-E*
X RT
b  =  —RT
and [A] is a pressure term.
The definite integral can be evaluated numerically and 
plots of log k/k^ against log p for various values of S 
can be prepared. Comparison with experimental values is 
made to arrive at a value for S.
Toluene Carrier Technique 
In order to measure the activation energy for the 
process,
 » Ri + R2
it is necessary to determine the rate of the primary dis­
sociation. The breaking of this bond must be the favoured 
process, that is the bond must be considerably weaker than 
any other in the molecule. If one is to use a toluene flow 
system, the radicals once formed must react preferent­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9ially with the toluene, or at least as favourably as with 
the parent molecule. The toluene is normally used in con­
centrations 50 to 100 times that of the molecule being stud­
ied. The reaction of the radical with toluene must produce 
a stable molecule. If abstraction of a hydrogen atom from 
toluene occurs (14), benzyl radicals are produced which are 
stable and do not dimerize in the hot zone under the exper­
imental conditions used. A portion may be removed by com­
bination with other small radicals while the remainder 
dimerize outside the reaction zone to form dibenzyl. The 
bond being broken in the compound under investigation must 
be much weaker than the C-H bond in the side chain of tolu­
ene, preferably by at least 10 kcal. The toluene carrier 
technique may be used at temperatures where toluene itself 
decomposes to a considerable extent if the products are 
distinguishable. Even if the products are not distinguish­
able, suitable corrections for the decomposition of toluene 
can be made (15)* In either case if the toluene decomposes 
to any great extent the large quantities of and CH^ pro­
duced would cause problems due to the inability to pump them 
away rapidly enough without losing the desired products.
It should also be noted, that in calculating rate data from 
toluene carrier experiments it is assumed that plug flow
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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exists and that thermal equilibrium is attained over the 
entire reaction zone. Conditions used in the present work 
satisfy these requirements.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II 
EXPERIMENTAL TECHNIQUE
Apparatus and Procedure
Fig. 2 is a schematic of the toluene carrier flow sys­
tem used in this work.
The vacuum source of the system was a two-stage mercury 
diffusion pump backed by a two-stage oil-sealed rotary vane 
fore pump, Balzers Duo 5* A H  ground glass joints were lub­
ricated with Dow Corning High Vacuum Silicone Stopcock 
Grease. Heated taps were lubricated with Apiezon T Grease, 
while unheated ones were lubricated with Apiezon N. Ace Glas 
greaseless viton "0" ring taps were used for the carrier 
inlet section of the system, as toluene tends to attack 
grease.
An electric furnace was used to heat the reaction 
vessel. The furnace was constructed from a quartz cylinder 
three inches in diameter and twenty-four inches long with a 
wall thickness of one-quarter inch. The quartz cylinder 
was wound with Chromel-A Resistance ribbon 2 mm. wide and 
0.2 mm. thick, having a resistance of 0.603 ohms per foot. 
The windings were cemented into place with Sauereisen Cement
11
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FIGURE 2: Schematic Diagram of Toluene Carrier Flow System ro
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Number 31. The number of windings per inch is shown in 
Fig. 3* The heating ribbon was tapped at seven points so 
that the temperature profile could be adjusted by shunt 
resistances. An inconel liner 2.5 inches in diameter, 12 
inches long, and 0.25 inches thick was centered inside the 
quartz cylinder to even out the temperature profile.
The quartz tube was then centered horizontally in a 
box (12 x 12 x 24 inches) constructed of 0.25 inch asbestos 
sheeting with a 0.75 inch angle iron frame. The ends of the 
box had 3 inch diameter holes to accomodate the quartz tube. 
The box was filled with powdered alumina for insulation.
The furnace was connected through a Type W 20 HM Variac 
(autotransformer) to the 220 volt a-c power supply. The 
maximum operating temperature of the furnace was 1100°C.
The reaction vessels were made of fused quartz tubes 
40 mm. O.D., and 6 to 7 inches long. The ends were sealed 
to 20 mm. O.D. quartz tubing which ended with graded quartz 
to pyrex seals, a few inches beyond the ends of the furnace. 
An axial thermocouple well constructed of 10 mm. O.D. tubing 
ran the length of the vessel (Fig. 2).
A 10 ohm platinum resistance thermometer was mounted 
along the inside wall of the inconel liner as the sensing 
element for a Sunvic Resistance Thermometer Controller Type
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIGURE 4: A typical temperature profile.
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RT.2 which provided temperature control for the furnace.
The temperature in the reaction vessel was monitored with 
a movable Chromel-P-Alumel thermocouple inserted in the
axial thermocouple well of the reaction vessel in conjunc­
tion with a Leeds and Northrup Millivolt Potentiometer Type 
8691• The temperature of the reaction zone was kept within 
+ 2°C with a steep fall off at the ends (Fig. 4).
The flow rate through the reaction zone was controlled
by means of an Edwards High Vacuum 10 Turn Valve at the 
outlet of the furnace (EC in Fig. 2).
The tubing on the inlet and exit side of the reaction 
vessel was wound with Chromel "A" asbestos covered heating 
wire. Power through a Variac allowed the tubing to be 
heated as hot as 90°C, which prevented the condensation of 
any reactants or products in any part of the heated area.
All runs were carried out by essentially the following
procedure. After the furnace had reached the desired temp-
-4erature and the vacuum was 10 mm. of Hg or better, the 
run could be commenced. Unless otherwise noted the follow­
ing symbols refer to Fig. 2. Toluene was degassed prior 
to each run by distillation from detachable (which was 
weighed before and after each run) to R^ with R^ at -196°C 
and the taps above R^ open to vacuum. After 20 to 30 grams
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of toluene were transferred, the distillation was stopped. 
The toluene in was then thermostated with a water bath. 
This bath consisted of a beaker with a small immersion 
heater whose output could be varied to counteract any cool­
ing effects occurring during the run.
A small amount of alkyl was distilled from to the 
finger (Fig. 5)* A fixed temperature bath was placed 
around F^ to obtain the desired alkyl pressure. The alkyl 
vapour pressure was at all times greater than the toluene 
carrier pressure. The magnitude of the difference deter­
mined the concentration of the alkyl in the toluene stream.
The flow of toluene was commenced and the pressure was 
read and recorded on a mercury manometer, or for pressure 
less than 3 cm. on a di-n-octylphthalate-mercury different­
ial manometer (M in Fig. 2) with 9-2 magnification compared 
to mercury. After a two to five minute flow of toluene 
tap was opened to admit the alkyl. The flow of alkyl 
continued for eight to sixty minutes, depending on the 
reaction conditions, and was followed by another three to 
five minute flow of toluene alone. Over this time period, 
at convenient intervals, readings of toluene pressure, 
alkyl pressure, and reaction vessel temperature were taken 
and recorded. Also gaseous products were continually
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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transferred to the gas buret (GB) by means of a Toepler 
pump (TP), in order to keep products from building up in 
the system.
Trap T^, thermostated at -80°C with an acetone-dry 
ice bath, collected the liquid products and undecomposed 
toluene. Trap T^ thermostated at -110°C using an ethanol 
sludge, collected any liquid products which were not trapped 
out by T^. The transfer of the gaseous products to the gas 
buret was completed, and after measuring the P, V, T of the 
gaseous mixture a sample or samples were taken for gas 
chromatographic and/or mass spectrometric analysis.
The gas chromatographic analysis was carried out using 
a Perkin Elmer 154 gas chromatograph equipped with a 1/4 
inch, 6 foot silica gel column. The column was maintained 
at 80°C and a helium flow rate of 20 cc. per minute was used. 
Fig. 6 is a schematic diagram of the injection system used 
for the gaseous product analysis. The sample vessel, C, 
was placed in position with a steel bar resting on the 
break seal and this region evacuated. The "u" tube between 
C^_ and C was also evacuated and then isolated. Using a 
magnet, the steel bar was raised and dropped onto the break 
seal. A portion of the gas sample was then transferred to 
the gas buret and the pressure measured. was opened
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and the mercury level raised to transfer the sample to the 
"UM tube. was then turned to allow the helium flow to
enter the "u" tube simultaneously as was turned to con­
nect the "u" tube to the column. Calibration curves were 
constructed using pure gases from the gas storage vessels 
(G.S.V.) with each set of analysis so that peak heights 
could be used for analysis.
The mass spectrometric analysis were carried out using 
an A.E.I. MS10c2 mass spectrometer. Fig. 7 is a schematic 
diagram of the sample introduction system used. The sample 
vessel, C, was placed in position with a steel bar resting 
on the break seal and this region evacuated. Using a 
magnet the steel bar was raised and dropped onto the break 
seal, allowing the sample into the introduction system.
was closed and the pressure measured on the side-arm 
manometer. The porous diaphragm leak, L, was then opened, 
admitting the sample to the mass spectrometer. Calibration 
curves were constructed using pure gases from the gas storage 
vessels (G.S.V.) with each set of analysis. Analysis of 
liquids was handled by distilling from the sample vessel, C, 
to the finger, F, with F at -196 C. After allowing the 
sample to equilibrate to room temperature, it was admitted 
in the same manner as gases.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The liquid samples collected in were analyzed on a 
Perkin Elmer 800 gas chromatograph equipped with a flame 
ionization detector. A 0.02 inch I.D. 150 foot open 
tubular column coated with polypropylene glycol (Perkin 
Elmer R) was used. Nitrogen was used as the carrier gas 
and the column was maintained at 60°C. Synthetic mixtures 
containing the components present in the liquid samples 
were used for calibration. These calibration mixtures 
contained the same relative amounts of the various compon­
ents as the liquid samples so that a peak height comparison 
could be used to determine the composition of the liquid 
samples.
Preparation of Materials
A Toluene
The toluene used was toluene from sulfonic acid sup­
plied by Eastman Organic Chemicals Number X325- It was 
dried by refluxing over sodium ribbon under vacuum and 
then degassed by bulb to bulb distillation.
B Dimethylmercury
The dimethylmercury was prepared by adding the methyl 
Grignard (CH  ^M9I) to mercuric chloride (1, 16-18). Dimeth­
ylmercury (B.P. 92°C - 760 mm.) was degassed and stored under
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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its own vapour pressure at -78°C.
C Trimethylbismuth
Trimethylbismuth was prepared by adding anhydrous bis­
muth trichloride to the methyl Grignard M(3I) (15 19)*
Trimethylbismuth (B.P. 53°C - 120 mm.) was degassed and 
stored under its own vapour pressure at ~78°C.
D Dimethylz inc
Dimethylzinc was prepared by refluxing zinc metal 
with dimethylmercury under a nitrogen atmosphere (l). 
Dimethylzinc (B.P. 4l°C - 712 mm.) was degassed and stored 
under its own vapour pressure at -78°C.
E Deuterated Dimethyl zinc-d^-
Dimethylzinc was prepared by refluxing zinc metal with 
dimethylmercury-dg under a nitrogen atmosphere (1). The 
preparation of deuterated dimethylmercury is the same as 
normal dimethylmercury except methyliodide-d^ is used in 
the production of the Grignard reagant Dimethylzinc-d^
(B.P. 4l .4°C~744 mm.) was degassed and stored under its own 
vapour pressure at -78°C.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER III 
EXPERIMENTAL RESULTS AND DISCUSSION
Hydrogen Abstraction by Methyl Radicals
The laboratory data from experiments on the pyrolysis 
of dimethylmercury and trimethylbismuth giving the experi­
mental conditions and product analysis are presented in 
Tables I and II.
Methyl radicals produced by thermal decomposition 
of metal alkyls in a toluene carrier flow system may abstract 
hydrogen atoms from either the side chain or the ring of 
toluene, or they may recombine to give ethane.
CH3' + c6H5CH3  * CH4 + CSH5CH2- or C6H4CH3 [a]
ch3 - + ch3 - ------>C2H6 [rl
The rate expressions for the above reactions may be 
written as
= ka [ CH3 ] [ C g H ^  ]
d[CgH6 ] kr[CH_J2 
dt ~
24
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TABLE I
THE PYROLYSIS OF DIMETHYLMERCURY 
FUNDAMENTAL DATA
Run
P
(cm •)
Temp
(°K)
m ' *Time 
(min.)
Toluene
(gm)
Alkyl 
(moles x 10 )
Tol/Alk
(molar
ratio)
c h 4 C H,
2 6
(moles x
Ethyl
^Benzene
105 )
Hg 2 2.74 793.7 5,30,5 13.3 31.96 319/1 29.69 0.908 3.76
Hg 10 4.50 796.45 5,10,5 13.15 46.01 153/1 21.54 0.848 8.05
Hg 12 5-05 796.2 5,10,4 15.05 44.91 189/1 42.72 1.673 7-80
Hg 14 4.29 797.45 4,10,4 10.85 36.81 176/1 32.92 I.225 7.15
Hg 16 2.82 797-7 5,13,3 5.65 34.07 110/1 26.60 1.501 6 .65
Hg 17 2.63 797.7 M 5 , 2 6.0 31.44 148/1 22.59 1.142 7.69
Hg 18 2.69 797.7 4,15,3 6.95 31.55 161/1 27.95 2.531 7.46
Hg 19 3-53 797-9 4,12,4 9-3 46.28 129/1 21.33 0.643 8.76
Hg 20 5.29 797-2 5,10,5 15.85 52.91 160/1 41.31 1-539 7.02
Hg 22 7-96 796.2 2, 8,1.5 16.82 37-98 318/1 33.04 0.891 4.12
r-o
)jp*
oo
•I
©
* prerun, duration of alkyl flow, post-run.
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Therefore d[CH^]/dt
kr1/2 (d[C2H6]/dt)1/2[C6H5CH3]
when
d[CH^] moles CH^
dt v x t
and moles CH^ represents the total number of moles of 
methane produced in a run, v is the volume of the reaction
vessel in cc., t is the length of the alkyl run in seconds.
Similarly
d[C_HU] moles2 6 =   2 6
dt v x t
The toluene concentration assuming ideal gas conditions is 
given by
[C^H CH ] _ n _ _P_ _ Pmm./760
v RT 82.057-T°K
1/2
This gives the following expression for ka/kr , in terms 
of experimental parameters
moles CH^ x J60 x 82.057 x T 
kr1//2 (moles (v x t)1//2p
1/2The above derivation of ka/kr is based on the 
assumption that the methyl radicals are produced uniformly 
over the reaction zone and at a constant rate. Production
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of methyl radicals at a constant rate is attained by main­
taining the partial pressure of alkyl constant throughout 
the experiment. However, the uniform release of radicals 
through the reaction zone cannot be attained. This condi­
tion is approached at lower percentage decompositions. At 
higher percentage decompositions the concentration of methyl 
radicals will be high at the beginning of the reaction zone 
favouring the recombination reaction and low at the end 
favouring abstraction. These factors are believed to be 
somewhat self compensating (1, 19)*
1/2A. Effect of Contact Time on ka/kr
Variation in contact time holding the other experi­
mental parameters constant, at high, medium and low decom­
position of the alkyl was carried out (Table III) . At high 
decomposition, a threefold increase in contact time was 
accompanied by a decrease of a factor of two in the rate 
constant ratio (Table III, A). Under this condition (high 
decomposition) the concentration of methyl radicals would 
be high at the start of the reaction zone. Also the higher 
contact times increased the possibility of back diffusion, 
thus causing flow difficulties down the vessel (20, 21). A 
combination of these two effects could create a situation
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TABLE I I I
l/o
EFFECT OF CONTACT TIME ON THE RATE CONSTANT RATIO ka/kr '
A) Temp. 798°K, P = 9*5 cm.
High Decomposition
ka/kr1/2
1/2 1/2 1/2Sample (sec.) % Decomposition (cc /mole sec. )
Hg 45 2.277 79-62 285-87
Hg 41 2.458 82.03 231.62
Hg 40 3-063 89-57 289-49
Hg 42 5-304 89-75 199-95
Hg 44 7-644 95-30 155.68
B) Temp. 7l4°K, P = 7-0 cm.
Low Decomposition
Sample
tc 
(sec.) fo Decomposition
ka/kr1/2
/ i/2/ •,(cc /mole
Hg 55 2.665 4.98 82.92
Hg 56 3-034 6.33 93-39
Hg 6l 5-149 16.94 104.19
Hg 58 6.515 12.52 112.43
Hg 60 8.505 15-35 123.15
Hg 59 13-369 27 .47 124.97
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TABLE I I I
(Continued)
G ) Temp . 748°k , P 8 .9 cm.
Medium Decomposition
ka/kr1/2
Sample
tc 
(sec.) % Decomposition . 1/2. _ 1/2 (cc /mole sec.
Hg 67 2.627 28.63 122.28
Hg 65 3.881 38.91 110.35
Hg 66 4.494 45.29 130.10
Hg 62 6.953 71.15 125.89
Hg 63 8.258 70.44 118.83
Hg 64 17.717 69.82 93.5^
D) Temp,• 73l°K, P 8 .6 cm.
Low Decomposition
Sample
tc 
(sec.) % Decomposition
ka/kr1/2
( 1/2/ 1/2 
(cc /mole sec.
Hg 68 2.754 12.23 94.19
Hg 69 3.452 16.00 101.16
Hg 70 4.667 16.99 109.10
Hg 70 8.286 31.61 126.46
Hg 73 10.206 32.74 129.81
1/2
Vs,
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TABLE I I I
(Continued)
E) Temp. 628°K, P 8-5 cm.
Medium Decomposition
tc ka/kr1/'2
Sample (sec.) %  Decomposition (cc^2/mole1^2sec.
Bi 10 2.596 30.87 48.96
Bi 8 3.H7 41.81 51-08
Bi n 4.291 42.77 50.05
Bi 7 4.924 53.18 47-97
Bi 6 9.077 71.63 44.53
Bi 9 12.699 84.47 156.06
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favouring recombination. Thus the rate constant ratio
1/2ka/kr would decrease.
There was no effect, within the variation of contact 
time, at medium decomposition (Table III, C, E). This was 
probably because at medium decomposition there was not the 
very high concentration of methyl radicals at the front of 
the reaction zone and consequently even at higher contact 
times where the flow might be bad, the recombination was 
not as highly favoured as in the case of high decomposition.
A six fold increase in contact time at low decomposi­
tion resulted in a 50$ increase in the rate constant ratio, 
1/2
ka/kr (Table III, B, D). This effect cannot be explained
by thermal equilibrium problems, although at the lowest 
contact times used this might be a contributing factor (20). 
The increase of about 20$ as the contact time was increased 
from 5 to 13 seconds was within the limits of errors but 
there seemed to be a definite trend. No explanation is 
available at this time.
1/2B. Arrhenius Parameters for ka/kr at Infinite Pressure
1/2 1/2 Plots of 1/(ka/kr ) vs. 1/p were constructed at
798, 7^8, and 667°K (Fig. 8). The infinite pressure values
were obtained by extrapolation and were plotted on an Arr-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ka/kr
Sample
p
(cm. )
1/P1/2 
(cm.-1/2)
, 1/2/ _ 1/2 (cc. /mole
i/2, sec. )
Hg 20 5.29 0.435 309.31
Hg 22 7-96 0.355 241.57
Hg 44 9.96 0.318 155.68
B) Temp . 713°K
ka/kr1/2
Sample (cm.)
1/P1/2
< "I/2v (cm. )
1/2
(cc. /mole 1/2
i/2 sec. )
Hg 53 0.82 1.1025 181.44
Hg 52 1.38 0.8518 156.57
Hg 51 2.675 0.6113 119.26
Hg 50 4.62 0.4649 125.16
TABLE IV  
(Continued)
1/2
103/
ka/kr1/2 
3-204 
4.148 
6.424
103/
ka/kr1/2
5-512
6.389
8.387
9-224
log 
ka/kr1//2
tc 
(sec.)
%
Decomposition
2.490 1.283 48.58
2.383 1.087 53.96
2.193 7-644 95-30
log
ka/kr1/2
tc 
(sec. )
%
Decomposition
2.2585 5.242 7-24
2.1950 5.573 7.80
2.0765 6.312 9.22
2.0975 7.082 14.33
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henius plot along with points from Dr. Kominar's work (Fig.
9). From the Arrhenius plot a value of E = 7-4 kcal.mole ^
13 -1was obtained. Using Shepp's value of A = 2.2 x 10 mole 
cc. sec.  ^ for the combination of methyl radicals (6), the 
frequency factor for the abstraction process was calculated 
as log A (mole  ^cc. sec. ^) = 10.77- These values were 
lower than Kominar's work which were 7-89 kcal.mole  ^and 
11.04 (moles  ^cc. sec. respectively. This was probably 
because Kominar used pressure and contact times for some of 
his work which have been shown to lead to erroneous results. 
An example of these difficulties in the present work is the 
rate constant at 667°K (Fig. 9) which was at high decomposi­
tion and high contact time, giving a low rate constant.
For the reaction of methyl radicals, produced from 
the photolysis of acetone-d^ with toluene Trotman-Dickenson 
and Steacie (22) obtained E = 8.3 kcal.mole \  log A (mole  ^
cc. sec. = 11.0 which gave kqg2°c = 14 x 10^ mole  ^cc.
sec. Rebbert and Steacie (23) from a study of abstrac­
tion by methyl radicals, produced from the photolysis of 
dimethylmercury with toluene, found E = 7-3 kcal. mole ^, 
log A (mole  ^cc. sec. )^ = 10.75 and ^82°C = x 10^
mole  ^cc. sec. ^. An average value of k = 16 x 10^ mole ^
■■I o 8 —1cc. sec. at 182 C and a value of k = 6.92 x 10 mole
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
lo
g 
k
a
/
k
r
1/
2 
(m
ol
e 
^
c
c
.
^
s
e
c
.
1^
2
4 2
1.2 1.4 6l
103/T
1/2FIGURE 9: Arrhenius plot of ka/kr at infinite pressure.
^  present work 
Q  Kominar (1)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
-1 o
cc. sec. at 561 C from the present graph gave E = 7*5 heal, 
mole  ^ and log A (mole  ^cc. sec. = 10.81. Considering
the temperature range this is excellent agreement.
13 -1 -1Shepps value of A = 2.2 x 10 mole cc. sec. for
methyl radical combination has been questioned by Grotewold 
and co-workers (24) . They proposed an A factor of approxi­
mately an order of magnitude less than Shepp's. This would
not effect the E values but all values of A (abstraction)
0.5would be reduced by 10 . Mulcahy (25) in a recent pub­
lication gave evidence in support of Shepp's value. No 
attempt was made to judge the validity of either number 
here, but Shepp's value was used, since the other work 
has not been confirmed.
Kassel curves, which predict the fractional decline 
in the first order rate constant with the decrease in 
pressure, were determined at 524°C over the pressure range 
4 mm. to 300 mm. The Kassel integrals were computed using 
an IBM 360 computer (see appendix for computer programme). 
The rate constant for the dissociation of ethane from Lin 
and Back (l, 26, 27)
k (sec. ■*") = 3 xlQ^ exp. (-88,000/RT)
was used. From the law of microscopic reversibility the 
pressure dependence for the combination of two species must
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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be the same as that for the reverse unimolecular decomposi-
o
tion. A collision diameter of 3*3 A was used for ethane 
(1).
At 524°C a value of S between 9 and 10 fitted the 
data. Kominar's values at low pressure fitted between 9 
and 10, but values at high pressure fitted S = 11 (Fig. 10). 
This discrepancy was probably because of the experimental 
conditions used by Kominar. That is Kominar1s work at 
high pressure for 524°C was carried out at contact times 
shown previously to be unacceptable. Using 9 effective 
oscillators was also in better agreement with Kominar's 
delta at 400°C which fitted an S value between 7 and 8. This 
agreed as well with Loucks (28) who found a value of S between 
8 and 9 fitted his data for methyl radical recombinations 
in experiments on the mercury photosensitized decomposition 
of dimethylether between 200 and 300°C. Mulcahy (25) found 
that a value of S = 6, fit his data for recombination of 
methyl radicals from pyrolysis of biacetyl over a tempera­
ture range of 430 - 800°K. Lin and Back (26, 27) studied 
the recombination of methyl radicals from the pyrolysis 
of ethane and determined that S = 13 fit their data best.
Both of these values are in reasonable agreement with the 
present work in that they follow a smooth Kassel curve, and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIGURE 10:
log P(mm.)
Kassel curves for ethane dissociation. Numbers beside the curves indicate 
the value of s. The points are experimental values for the recombination of 
methyl radicals. T = 524°C
Q  This work
^  Price and Trotman-Dickenson (19)
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considering the dependence on the choice of k*o , the 
differences are not too great.
Trenwith (29) carried out the dissociation of ethane 
at 566°C and 600°C and studied the recombination of methyl 
radicals. He found a large discrepancy between the Kassel 
and experimental fall off regions. His results which 
showed a much steeper fall off, agree with a value of S = 3, 
when the curve is shifted to the left by 5.8 logarithmic 
units. This wcjrk is not supported by any of the previous 
investigations.
Pyrolysis of Dimethzinc
A. Vapour Pressure Studies
For the mechanistic study dimethylzinc-d^ was prepared. 
When the vapour pressure was checked it was found to be con­
sistently higher than that of normal dimethylzinc (Table V, 
Fig. 11). As may be seen in Fig. 11 the present results 
for normal dimethylzinc are in agreement with the accepted 
literature values (30). Considering the procedure used to 
make the deuterated dimethylzinc, the only impurity that 
might lead to the apparently high vapour pressure readings 
was CD^I. However analysis by gas chromatography showed 
no trace of this or any other impurity. The difference in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE V
VAPOUR PRESSURE OF DIMETHYLZINC
Temp.
(°C)
10^/T 
(°K_1)
Zn(CH3)2
Pressure Log E 
(mm.)
>
Zn(CD3
Pressure 
(mm.)
 ^2
Log P
0.8 3.650 126.5 2.1021 136.8 2.1361
0 3.661 125.40 2.0934 131.55 2.1190
5-8 3-585 163.2 2.2127 173.05 2.2381
10.8 3.522 206.5 2.3150 223.2 2.3487
11.1 3-518 207-7 2.3175 (28)
15-9 3.460 255.5 2.4074 268.7 2.4292
19.2 3.420 296.4 2.4719 (28)
20.8 3-402 314.30 2.4973 327.55 2.5152
25.8 3.345 367.0 2.5647
-4.2 3.718 98.1 1.9917 108.1 2.0338
-5-5 3.736 92.5
1—10^
'vO•1—1 (28)
-9.2 3-789 77-0 1.8865 83.6 1.9222
-14.2 3.862 58.7 1.7686 64.25 1.8078
-19.2 3-938 36.65 1.5641 52.15 1.7172
-19.4 3-9^0 42.7 1.6304 (28)
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vapour pressure between the deuterated and non-deuterated 
atlkyl therefore seemed real. One possible explanation of 
this observed phenomena would be that as the C-D bond is 
stronger than the C-H bond, there would be a tighter 
grouping to the carbon atom, cutting down on the inter- 
molecular bonding of D to Zn. The slightly lower AH vap. 
for the deuterated compound, 6.95 kcal. mole  ^vs. 7*1^ 
kcal. mole  ^ for the normal alkyl, is consistent with this 
general explanation.
B. Mechanistic and Kinetic Study
The thermal decomposition of dimethyl zinc was studied 
over the temperature range 528 - 745°C and pressures 2.5 to 
17.0 cm. The results are listed in Table VI, VII, and VIII. 
Traces of ethylene, p-xylene, m-xylene, and o-xylene were 
found in a number of the samples, but as they were only in 
trace quantities they were not recorded in the table of 
results. The decomposition in the toluene carrier system 
may be discussed in terms of the following mechanism
Zn (CH^) g  * ZnCH^ + CH^ [1]
Zn(CH^)  * Zn + CH^ [2]
ch3 + c 6h 5CH3 ----- ” CHl» + C6H 5CH2 [3]
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T A B L E  V I  
(Continued)
Sample
Ethyl Styrene 
Benzene
%
Decomposition
k
(sec.
Zn-H-47 27.603
(moles x 10^)
no analysis 17.88 .0785
Zn-H-48 47.282 1 72.89 .4036
Zn-H-49 101.906 1 92.21 .4427
Zn-H-50 61.082 M 85-66 • 3433
Zn-H-52 48.206 1 95-26 .4344
Zn-H-54 40.436 1 44.77 .2589
Zn-H-56 59-891 If 70.02 .3893
Zn-H-57 88.421 1 76.35 .4802
Zn-H-58 118.402 1 75.06 .4444
Zn-H-59 139-524 1 76.61 • 4553
Zn-H-60 162.896 M 74.10 .4292
jfcjfc Corrected for toluene decomposition VJIU)
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Run
Zn-D-91
Zn-D-92
Zn-D-93
Zn-D-94
Zn-H-96
Zn-H-97
Zn-H-98
Zn-H-99
Zn-H-100 
** Corrected
TABLE VII 
(Continued)
Ethyl
CD^H CD^ C2D6 Styrene-d^ Benzene-d^
(moles x 10^)
105-466 trace .101 4.134 8-453
98-842 trace .134 2.426 8-370
88-972 trace .112 1.921 8-797
58-023 trace .117 1.113 6.568
CH^** C2H6** Styrene** Ethyl Benzene**
85-404 .090 1.807 6.024
85-601 .084 1.719 6.373
63.888 .062 0.946 5.365
51.756 .076 0.764 5.053
36.055 .064 0.455 3.854
VJI
for the contribution from toluene decomposition. 00
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TABLE VIII 
PYROLYSIS OF DIMETHYLZINC - FIRST BOND
Alkyl
Run
P
(mm. )
Temp.
(°K)
Time 
(min.)
Tol
(gm)
Zn-H-103 24 874.55 2,25,3 3.35 55-721
Zn-H-104 54 874.55 2,20,3 6.05 60.718
Zn-H-106 85 874.55 2,18,3 8.18 87.750
Zn-H-108 140 874.55 2,14,3 9-70 89.323
Zn-H-109 169 874.55 2,14,3 11.90 92.938
Zn-H-126 153 860.4 2, 6,3 8.70 79-631
Zn-H-127 105 860.4 2,10,3 5.65 64.700
Zn-H-128 53-5 860.4 2,12,3 4.70 45.630
Zn-H-129 28.5 860.4 2,18,3 3-35 44.840
Zn-H-110 22 848.15 2,25,3 3-35 52.598
c h 4
C 2H 6 Ethyl Benzene Styrene
(moles x 10^)
24.999 • 079 2.593 .136
32.304 .032 1.681 .108
52.196 U) 00 0 2.882
C
O
 
C'— 
O
J
 •
74.137 - 4.111 .677
82.718 .076 3.584 .638
39-530 .060 1.737 .196
31.145 .050 1.846 .161
10.848 .016 0.578 .030
9-476 .024 0.661 .021
8.622 .019 3-584 .638
jfe Correction for toluene decomposition negligible.
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ZnCH_ + C.H CH -* C^H CH ZnCH, [5]3 6 5 2  6 5 2  3
2C^H^CH2 ---- * dibenzyl [6]
Plus other minor reactions such as
CH3 + C2H6  * C2H5 + CH9 [7]
c 2h 5 ---- * c 2h 4 + H [8]
H + c6h 5c h3 ---- ► h 2 + c 6h 5c h2 [9]
ch3 + c6h 5c h2  --- » c 6h 5c 2h 5 [10]
C6H5C2H5 ---- ” C6H5C2H3 + H2 (31) [11]
This mechanism was proposed on the basis of the 
observed products. Further arguments in defense of the 
mechanism are considered. Reactions[1] and [2] were pro­
posed on the basis that this decomposition would be expected
to be similar to other alkyls (2). Also the break in the
1/2 1/2Arrhenius plot (Fig. 12) for k3/k4 (ka/kr ) suggests
that the decomposition occurs in two steps. Note that the
1/2method of calculation for ka/kr is the same as in the 
dimethylmercury work. The reason for the shape of this 
curve is that reaction [1] occurs over the whole temperature 
range, but [2] only occurs appreciably above a temperature 
of 875°K, a number of factors will influence the value of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the ratio (32) . First, in a flow reaction, the temperature
increases as the reaction zone is approached, therefore
when the temperature of the zone is above 875°K, reaction
[1] will occur partly in the tube leading to the reaction
zone and will be complete in some small fraction of the
zone. Thus two effects must be considered, first reaction
[1] occurs at an average temperature somewhat above 875°K,
but not at the actual temperature of the zone, and second
the volume over which reaction [1] occurs is no longer the
total volume of the reaction zone. The net effect is to
1/2hold the apparent observed value of ka/kr approximately 
constant as the temperature is increased. Actually, the net 
effect might have been a slight decrease except for the 
fact that reaction [2] is occurring over the entire reaction 
zone at the actual temperature of the zone.
The fact that CD2H was t*ie major product and there 
were only traces of CD^ when Zn^D^^ was decomposed in the 
presence of toluene, pointed to reaction [3] as the major 
source of methane in the reaction scheme as opposed to
CD^ + CD^ZnCD^ ---- » CD^ + CD^ZnCD^ [12]
Reaction [5] was proposed because of the following.
A study of the thermal decomposition of dimethylzinc in a 
benzene carrier system carried out in this laboratory gave
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C^H^ZnCH^ as a major product (33, 34). Krech carried out 
a study of CH^ + using dimethylmercury and dimethyl-
cadmium as the source of methyl radicals, and showed that the 
reaction
c6h 5 + c h3 ----» c6H5CH3
had approximately zero activation energy. The basic assump­
tion was made in these calculations that the phenyl radicals 
formed were removed in the reaction zone by recombination 
with methyl radicals. In the case of dimethylzinc, the 
apparent energy of activation for reaction [13] was found 
to be negative. This indicated that there must have been 
another process which used up phenyl radicals. The only 
species present in the zinc work not there in the mercury 
or cadmium decomposition was ZnCH^. Thus the additional 
process to remove the phenyl radicals was probably
CrH + ZnCH ---- > CrH_ ZnCH_ [14]
6 5 3 6 5 3
This argument would also hold for benzyl radicals, except
3 . S the C,H CH - Zn bond would likely be somewhat weaker
o 5 2
than the C^ -H - Zn bond. Reaction [5] could also occur in
6 5
the cooler region.
Another test of the mechanism was to analyze the 
contents of T^, that is the acetone-dry ice trap, for zinc.
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Zinc analyses were carried out on a number of runs by EDTA 
titration using Eriochrome Black T as indicator. In the 
first bond region, that is at temperatures below which 
reaction [2] is important, the amount of zinc recovered was 
in approximate agreement with the percentage decomposition 
of the first bond. This is consistent with the expectation
that most of the C.HrZnCH0 would not be expected to get to
o 5 5
the trap (T^). Analyses carried out on samples from the 
second bond region showed very little zinc got through to 
the trap as would be expected. As well, after all the runs 
were completed, the reaction vessel was removed, and an 
analysis of the zinc metal present compared favourably with 
the amount of zinc that would be expected from second-bond 
decomposition calculated on the basis of the mechanism.
Reaction [6] is included as dibenzyl (a white crystal­
line solid) was observed in the outlet tube of the furnace.
In the studies using Zn(CD^)^ some CH^ and C2Hg were 
observed, which was accounted for on the basis of toluene 
decomposition. Corrections for toluene decomposition were 
made on those runs carried out using Zn^H^)^ This correc­
tion was obtained from Price's expression for toluene decom­
position (15)
log k(sec._1)= 14.8 -(85,000/2.3 RT)
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The rate constants were calculated from the first 
order equation
2 . W  . 100
k = 109 1 55^
The contact time was evaluated from the expression
v P 277 1
tc = 22416 x 760 x T x F
where V in cc. represented the volume of the reaction zone,
P in mm. the overall pressure of the reactants during the 
orun, T in K the temperature of the reaction zone, and F 
in moles/sec. was the molar flow rate through the reaction 
zone. The per cent decomposition occurring is represented 
by x. The per cent decomposition was determined by product 
analysis. For the second-bond (Zn-CH^) the per cent decom­
position was equal to
(moles methane + 2 x moles ethane + moles ethyl
________benzene + moles styrene) x 100___________
moles of dimethylzinc used
As well as the correction mentioned for methane, corrections 
were carried out on the ethyl benzene and styrene. It was 
postulated that the ratio, methane from dimethylzinc de­
composition over the total methane produced, would be the 
same as the ratio, ethyl benzene or styrene from dimethyl­
zinc decomposition over the total ethyl benzene or styrene 
produced. This was checked by passing a liquid sample,
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taken from a run in which Zn(CD^)^ was decomposed in the
presence of toluene, through a Perkin Elmer 154 gas chroma­
tograph equipped with a 1/4 inch, 6 foot polypropylene 
glycol column. The ethyl benzene and styrene fractions 
were collected separately, and were analyzed with the 
MS10c2 mass spectrometer using the 106 peak (CgH^CH^CH^) 
and the 109 peak (CgH^CH^CD^) to compare the relative 
abundance of the non-deuterated and deuterated ethyl benzene.
The 104 (CrH CHCH ) and the 106 (C,HrCHCDj peaks were used
' 6 5 2 ' 6 5 2'
for styrene. These analyses verified the postulation.
For the first bond, at temperatures where there was 
no contribution from reaction [2], the per cent decomposition
was
(moles methane +2 x moles ethane + moles ethyl
______ benzene + moles styrene) x 100_________
moles of dimethylzinc used
At temperatures where reaction [2] contributed, k^ was 
calculated from the usual formula for consecutive unimole- 
cular reactions
r
moles of product = moles Zn(CH„)^ used I 2 - :— ~—  (exP(
3'2 I ^-kg
+ exp(-k^t)) _ 2 _^2___ expf-kjt) 1
V*1 )
This equation was solved using an IBM 360 computer. The
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method used and the programme are in the appendix.
The effects of contact time and toluene to alkyl 
ratio on k^ were checked (Table VI). Variation in contact 
time had no effect on the rate constant. As can be seen 
in Table VI, k^ falls off rather sharply above a toluene 
to alkyl ratio of 150/1, thus values below this were used.
A value for k^ was determined at 10.0 cm., this was 
still in the pressure dependent region, but extrapolating 
to infinite pressure was ruled out as involving too much 
estimation. This value was obtained by plotting k^ vs. p 
at the various temperatures (Table IX), taking the values 
of k^ from the graphs at 10.0cm. and constructing an 
Arrhenius plot with these points (Fig. 12). The line cor­
responded to
log k(sec. )^ = 6.8 - (32,200/2.3 RT) at 10.0 cm.
It is difficult to place actual error limits on the energy 
of activation, only considering the line of best fit gives 
an error which is too small, as this does not consider the 
scatter removed by taking the 10.0 cm. points from graphs.
A fair figure is probably Hh 2 or 3 kcal .
In the case of k^, in order to make the best judgment 
on the extension of the k's to the infinite pressure limit 
the following procedure was followed. A plot of k vs. p
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TABLE IX
RATE CONSTANTS FOR THE SECOND BOND, AT 10.0 cm.
k 2
T
-lv sec. ) log k2 (°K) 103/T
0.790 T.8976 1014.65 0.985
0.522 1.7177 997.4 1.002
0.240 r.3802 948.4 1.055
0.170 1.2304 924.65 1.082
0.080 T .9031 900.15 1.111
TABLE X
RATE CONSTANTS FOR THE FIRST BOND, AT INFINITE PRESSURE
kl T
-usec. ) log kx (°K) ioV t
0.062 2.790 822.65 1.215
0.100 r .000 834.4 1.198
0.160 1.204 848.15 1.179
0.247 1.393 , 860.4 1.162
0.476 T.678 874.55 1.143
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was constructed for each temperature, the line best repre­
senting these points was drawn through them, values were 
taken from these graphs at specific pressures, and then 
these points were used to make Arrhenius plots. From this 
series of Arrhenius plots rate constants at the specific 
temperatures were obtained. Using these values plots of 
1/k vs. 1/p were constructed at the various temperatures, 
on which extrapolations to infinite pressure were made 
(Table X). The rate constants at infinite pressure were 
then put on an Arrhenius plot (Fig. 12) which gave
log k^( sec. = 13*7 - (55>200/2.3 RT) at infinite pressure
As in the case of k^, it is difficult to place an actual 
error limit on the activation energy. A reasonable figure 
is probably + 2 kcal.
No attempt was made to get Arrhenius parameters from
1/2the ka/kr plot, which was discussed previously, as the 
scatter of points was quite extensive. The reason for 
this scatter was that small amounts of alkyl were used in 
the runs, consequently, there was a large error in ethane, 
as the amount observed was very small.
The present results for the dissociation of the first 
bond (CH^Zn-CH^) are in agreement with the Kassel theory 
predictions if 7 effective oscillators are assumed. Kassel
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FIGURE 12: Arrhenius Plots for dimethylzinc (k ), methyl-
zinc (k ), and the reaction of methyl radicals
1/2
with toluene (ka/kr ).
Q  k^ at infinite pressure
^  k^ at 10.0 cm. pressure 
1/2Q  (ka/kr ) at 5-^ cm. pressure
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integrals were calculated for Zn(CH^)2 at 848 and 822°K over 
a pressure range of 24 to 200 mm. In the presence of excess 
toluene as was the case in our work the following reaction 
may be considered
k
Toluene + Zn(CH„')_ -----=* ZnfCH^')* + Toluene
v 3'2 ^-r----- v 3'2
-1
The diameter for Zn(CE^)^ was estimated to be approximately
o
the same as Hg^H.^)^ which was 6.0A (1). Toluene was cal-
o
culated from viscosity data to be 5-4A. An average collision
o
diameter Z ^  = 5*7A was used in calculating k in the 
Kassel Integral. The integral was computed using an IBM 
360 (see appendix for computer programme). The Kassel 
Integrals and the experimental results were plotted for 
848°K in Fig. 13-
From thermochemistry (35* 36) assuming AH^CH^) = 34.0 
kcal.mole 1 (37)* D(CH^Zn-CH^) + D(Zn-CH^) = 85*7 kcal.mole \ 
The E<io for the first bond (CH^Zn-CH^) is 55*2 + 2 kcal .mole \ 
The E at 10 cm. for the second bond (Zn-CH^) is 32.2 + 2 
or 3 kcal.mole ^. This value is probably no more than 2 
kcal. from the infinity value. Thus (E^+E ^  would be approx­
imately 89-4 + 4 or 5* Tbe close correspondence between 
this figure and the thermochemical value indicates that 
when the alkyl decomposes the zinc atom is released in its
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FIGURE 13: Kassel Curves for Zn(CH^)^ dissociation. Numbers beside the
curves are the experimental values at 848°K.
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ground state.
The present work is in reasonable agreement with the 
toluene carrier flow work at low pressure in the temperature 
range 573 - 827°C of Price and Trotman-Dickenson (2). They 
report
log k^sec."1) = 11.25 - (47,200 + 1000/2.3 RT) 
at 16 mm.
log k^sec. ^) = 6.8 - (35,000/2.3 RT) at 16 mm.
In dimethylmercury decomposition carried out by these same 
authors-at 16 mm. an energy of activation which was 8 kcal. 
below the pressure independent value was found (1). Thus 
considering approximately the same type of increase for 
dimethylzinc would give a number in agreement with the 
present work. The actual rate constants observed by Price 
and Trotman-Dickenson were about one and one-half times 
those observed here, but this difference is not exception­
ally large for flow system work.
From a mechanistic point of view these authors pro­
posed a mechanism, which is in agreement with the one given 
here as far as it goes. The mechanism was incomplete though, 
as analysis was not carried out on the liquid products.
Topor's results using argon are too limited to be 
considered in any detail (3), but the observed rate constant
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at 567°C and 24 mm. pressure for the removal of the first 
methyl radical from dimethylzinc agrees fairly well with 
present results. Topor did not propose a mechanism.
Mme. Lambert carried out decomposition of dimethyl­
zinc in a static system using cyclohexane as an inhibitor 
over the temperature range 250 - 400°C (4) at pressures of 
about one atmosphere. This was the only low temperature 
work that has been reported. She found an energy of activa­
tion of 45-5 ± 3*3 kcal.mole ^. Combining data from Lambert's 
work and our experiments gave an energy of activation of 
44 kcal.mole This is extremely low, implying the present 
results are too low or Mme. Lambert's rate constants were 
too high. Surface effects could cause results to be too high, 
and there is a possibility of surface effects in Lambert's 
work. Mme. Lambert herself noted that the decomposition 
was markedly surface dependent.
To overcome this she coated the vessels with "tar" 
from dimethylzinc decomposition until the rate constants 
for the decomposition remained constant. Even with this 
treatment she still observed an initial decomposition of about 
2°/o, which she attributed to traces of water vapour. The 
waiter vapour was probably present, because she gave her 
vessels a final water rinse. Kallend and Purnell (38) 
showed that this gave a highly reactive surface which could
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
increase reaction rates by as much as 3000 fold over an 
inactive surface such as that obtained by a final concen­
trated nitric acid rinse. In the present work this was 
the treatment given the reaction vessel. If in fact this 
wets the case and there were surface problems, this could 
possibly explain why the energy of activation from Lambert' 
data was so much lower.
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APPENDIX
Computer Programme for Least Mean Squares Lines 
The programme on the following page was used to eval­
uate the least mean square lines required in the thesis.
The formula used is the following (39* ^0)
Correlation coefficient (r) convariance of x and v
Standard Error of Estimate 
for y-axis variable y
Standard Error of Estimate 
for x-axis
x
where n the number of observations
covariance of x and y =.p ^ 1 (x-x) (y ~y ) —  v J 'n
x mean of all the x values
y mean of all the y values
G~x = standard deviation in x
<T"y = standard deviation in y
81
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In the present context standard deviation is defined
as
<Tx =
cry =
( Z x f
n \ n  /
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c
c * * * * * * *
C
c
c
c R
c N
c Y  ( I )
c X  ( I )
c S L O P E
c Y  I N T
c X  I N T
c C C
c S T D E R Y
c S T D E R X
c * * * * * * *
c L A S T  D A
c C O L U M N S
c
l e a s t  m e a n  s q u a r e s  p r o g r a m  
* * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D E F I N I T I O N  O F  V A R I A B L E S
R U N  N U M B E R  ( F O R  I D E N T I F I C A T I O N )
N U M B E R  O F  P A I R S  O F  Y -  A N D  X - A X I S  V A R I A B L E S  F O R  O N E  R U N
v a r i a b l e  o n  y - a x i s  
v a r i a b l e  O N  X - A X I S
S L O P E  O F  L E A S T  M E A N  S Q U A R E S  (L M S ) L I N E  
Y - I N T E R C E P T  O F  L M S  L I N E  
X - I N T E R C E P T  O F  L M S  L I N E  
C O R R E L A T I O N  C O E F F I C I E N T
S T A N D A R D  E R R O R  O F  E S T I M A T E  F O R  Y - A X I S  V A R I A B L E  
S T A N D A R D  E R R O R  O F  E S T I M A T E  F O R  X - A X I S  V A R I A B L E  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
rA C A R O  I S  P U N C H E D  A S  F O L L O W S  F O R  N O R M A L  E X I T  
1 - 6  E N D 9 9 9
D O U B L E  P R E C I S I O N  S X . S Y . S X Y . S X X . S Y Y . C . S L O P E « V  I N T . X  I N T « S T D E R Y . S T D E R X  
I . S T D D E Y  . S T D D E X  « Y . X . C C . D S Q R T . D A B S  
D I M E N S I O N  Y ( 6 0 ) , X < 6 0 >
1 R E A D  2 . R . N
2  F O R M A T ( A 3 * 1 3 )
I F (N — 9 9 9 )  3 . 6 . 3
3  R E A D  4 . < Y ( I ) . X ( I ) . I = 1 . N )
4  F O R M A T ( 8 ( F 5 • 3 • F 4 • U ))
C A L L  L M S ( Y . X , I . N . S L O P E . Y I  N T , X  I N T . C C . S T O E R Y . S T D E R X )
P R  I N T  5 . R . S L O P E . Y 1 N T . X  I N T , C C , S T O E R Y . S T D E R X
5  F O R M A T ( 1 H  . 4 H R U N  . A 3 / 1 H  . 6 H S L 0 P E = . O 1 5 . 8 . 5 X . 5 H Y 1N T = . O 1 5 . 6 • 5 X . 5 H X I  N T  
1 = . D 1 5 . 8 / 1 H  . 3 H C C = . D 1 5 . e / l H  . 7 H S T D E R Y = . D 1 5 . 8 .  1 O X . 7 H S T D E R X = , D 1 5 . 8 / / )
G O  T O  1
6  C A L L  E X I T  
E N D
L E A S T  M E A N  S Q U A R E S  S U B R O U T I N E  * * * * *  6 C 0  * * * * *  D O U b L E  P R E C I S I O N  
S U B R O U T  I N E  L M S ( Y . X .  1 , N . S L O P E . Y I  N T . X  I N T . C C . S T D E R Y . S T D E R X )
D O U B L E  P R E C I S I O N  S X . S Y , S X Y . S X X . S Y Y . C . S L O P E . Y I  N T . X  I N T . S T D E R Y . S T D E R X  
1 . S T D D E Y . S T D D E X . Y . X . C C . D S Q R T . D A B S  
D I M E N S I O N  Y ( 6 Q ) . X ( 6 0 )
S X  = G .
S Y  = vJ .
S X Y  = 0  •
S X X = U .
S Y Y = 0 .
D O  9 0 0  I = 1 . N  
S X = S X + X ( I )
S Y  = S Y  +  Y ( I )
S X Y =  S X Y  + X  < I > * Y  < I >
S X X = 3 X X + X ( I ) * X ( I )
S Y Y = S Y Y + Y ( I ) * Y ( I )
9 0 0  C O N T I N U E  
C - N
S L O P E = ( S X * S Y — C * S X Y ) /  < S X * S X - C * S X X )
Y I  N T  = ( S X * S X Y - S X X * S Y ) / ( S X * S X - C * S X X )
X I NT =— Y I N T / S L O P E
S T D D E Y = D S Q R T ( S Y Y / C - (S Y / C ) * ( S Y / C ))
S T D D E X = D S Q R T ( S X X / C - ( S X / C ) * ( S X / C ))
C C = ( ( S X Y / C ) - ( S X / C ) * ( S Y / C ) ) / ( S T D D E Y * S T D D E X )
I F ( D A B S ( C C ) - 1 . 0 0 )  9 0 1 . 9 0 2 . 9 0 2
9 0 1  S T D E R Y = S T D D E Y * D S Q R T ( 1 . D C — C C * C C )
S T D E R X = S T D D E X * D S Q R T ( 1 . O o - C C * C C )
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F U N  A I 
I/)!”-:
cc=- 0.
s t d o r ;
G O  T O  9 0 4  
9 C 2  S T D E R Y  = 0 •
S T D E R X = 0 .
P R I N T  9 0 3
9 0 3  F O R M A T  ( I H  « 1 3 H A S S ( C C ) . G E • 1 >
9 0 4  R E T U R N  
E N D
O U T P U T  F O R  L-Mf- P R O G R A M
Y I  N T  =  0 . 1 1 4 3 1 5 1 6 D  0 2  X I N T =  0 . 1 1 1 4 1 1 9 8 D  0 1
S T D E S X =  0 .  1 6 2 4 9 7 5  I D - 0 2
= - 0 .  1 2 0 5 5 7 2 0 D  0 2  
. 9 9 7 9 6 1 2 2 D  0 0  
( =  0 .  1 H.- 3 0 2 6 7  0 - 0  1
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Program for Consecutive Order 
This programme was used to solve the following 
consecutive order equation
klTotal moles of product = moles Zn(CH ) used j2 -
'3'2 / k1-k2
k2 1 (exp(-k1t) + exp(-k2t)) - 2 k _ k  exp(-k1t)j
The equation was solved by substituting in various values 
of k^, and computing the corresponding value of the moles 
of product. These values were then plotted and the value 
of k^ for the experimentally determined moles of product 
was extrapolated from the graph.
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P R O G R A M  F O R  C O N S E C U T I V E  O R D E R  
R U N  I S  R U N  N U M r f E R  
C 2  I S  R A T E  C O N S T  ( S E C O N D  P O N D  >
T C  I S  C O N T A C T  T I M E  
Z N M O L E  I S  M O L E S  A L K Y L  
I N T E G E R  R U N
1 R E A D  2  < R U N i C H t T C i Z N M O L E
2  F O R M A T  ( I 3 , F 6 . 4 . F 6 . 3 . E 1 I . 4 )
I F  ( R U N - 9 9 9 )  3 . 8 . 3
3  P R I N T  4 . R U N , C 2 . T C . Z N M O L E
4  F O R M A T  ( 1 H 1 , I 3 . F 7 . 4 . F 6 . 3 . E 1 1 . 4 )
C 1 = 0 . 0 2
5  T C T P R O = Z N M O L E * < 2 . - (  (C 1 / ( C 1 - C 2  ) > * ( E X P ( - C 1 * T C )+ E X P ( - C 2 * T C  ) ) ) - (  ( 2 . * C 2  
1 * F X P  < - C 1 * T C  > ) ✓ ( C 2 - C  1 ) >)
P R I N T  6 , C l . T O T P R O
6  F O R M A T  ( I H  , 3 H C 1 = . F 5 . 2 , 5 X , 1 4 H T O T A L  P R O D U C T = . E 1 5 . 8 )
C 1= CI +0.01
I F  ( C 1 —  0 • 3 b ) 5 , 5 . 7
7  G O  T O  1
8  C A L L  E X I T  
E N D
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Computer Programme for Kassel Curves 
Kassel Equation
o - o
^  s — 1 -X  x e___________ dx
;oo (S—1) 1
I
1 + ^  / x V 5"1
k-1 A \x + b/
The symbols in the programme on the following page 
represent the various portions of the Kassel equation as 
follows
J = S
-1
A^ - A^ = values of A in molecules cc.
B = b = E*/RT 
C = k^/k-1
The integral is evaluated using Simpson's rule. A print 
out of the data for 848°K is shown on page 89* The 
columns represent A, log A, k/ko^ , log k/koo , and S.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C PROGRAMME FOR KASSEL CURVES
DIMENSION A(7,,EA<7)«TEST<ICO)
4 D060 J=3•1U,1 
S = J
D040 1=1,7
A ( 1 )= 2•S 159E17
A ( 2 ) = 6 • 3 3 5 9 E 1 7
A(3)=9.3865E17
A (4 ) = 1 1 .733 IE 17
A(5)=16.4263E17
A(6)=18.7729E17
A(7)=23»4661E17
B=33•7553
C=4«3289E22
CC=C/A(I)
P=S-1.
SUM= 0•
D = 0 a 5 
XI=0.*D 
X2=1•*D 
X3=2.*D 
K= 1
TEST (0=0.
lO FX1 = ( (X1**P)/ EXP(X1 ) )/( 1.+ (CC*( (XI/(XI+b ) ) **P ) ) ) 
FX2=< (X2**P)/ EXP(X 2 ) )/< 1.+(CC*( (X2/(X2 + d) > **P ) ) ) 
FX3=((X3**P)/ EXP(X3))/(1.+(CC*((X3/(X3+8))**P))) 
AREA = D*(FX1+4.*FX2 + FX3)/3.
SUM=SUM+AREA 
X 1 =X 1 +2 • *0 
X2=X2+2.*D 
X3=X3+2.*D 
K = K+1
TEST(K)=SUM 
C TEST FOR CONVERGENCE
IF (TEST(K)-TEST(K— 1)) 30,30,20
20 IF (K-l00) 10,21,21
21 PRINT 22
22 FORMAT (IH ,19HTOO MANY INCREMENTS)
30 CONTINUE
G= 1 .
1-1 = 2 •
90 PP=G*H
IF(P-H) 1lo,110,100 
100 G=PP
H=H+1.
GO TO 90 
110 FCTRL=PP
ANSWR=SUM/FCTRL 
E A ( 1 )=ALOG1O (A ( I ) )
EAN«/R = AL0G10( ANSWR)
PRINT 80,A(I),E A (I),ANSWR,EANWR,S 
80 FORMAT(2X,5(3X,E11.4))
40 CONTINUE 
60 CONTINUE 
CALL EXIT 
END
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PRINT OUT FOR KASSEL PROGRAMME
0 .2 733 E 8 0 . 1744E 02 0 . 2 9 9 3 E - ■02 - 0 . 2 5 2 4 E 01 0 . 3000E
0 . 6149E 8 0 . 1779E 02 0 . 6 6 1 7 E - 02 - 0 . 2 1 7 9 E 01 0 .3 0 0 0  E
0 . 9 1 10E 8 0 .1 7 9 6 E 02 0 . 9 6 6 0 E - 02 - 0 . 2 0 1 5 E 01 0.  300 0 E
0 . 1139E 9 0 .  1806E 02 0 .  1 194E- 01 - 0 . 1923E 01 0 . 3000E
0 . 1 594E 9 0 . 1820E 02 0 . 1637E- 01 - 0 . 1786E 01 0 . 3000E
0 . 1822E 9 0 .  1826E 02 0 . 1852E- 01 - 0 . 1 7 3 2 E 01 0 . 3000E
0 . 2277E 9 0 .  1836E 02 0 . 2 2 7 1 E- 01 - 0 . 1644E 01 0 . 3000E
0 . 2733E 8 0 .  174UE 02 0 .2 2 7 2 E - 01 - 0 . 1644E 01 0 . 4000E
0 . 6 1 4 9 E 8 0 .  1779E 02 0 . 4244E-■01 - 0 .  1372E 01 0 . 4000E
0 .9 1  10E 8 0.  1796E 02 0 . 5 6 9 1 E - 01 - 0 . 1 2 4 5 E 01 0 .4 0 0 0 E
0. 1139E 9 0 .  1806E 02 0 . 6 7 0 1 E- 01 - 0 . 1 174E 01 0 . 4 0 0 0  E
0.  1594 E 9 0 .  1820E 02 0 . 8 5 2 1 E - 01 - 0 . 1069E 01 0 .4 0 0 0 E
0. 1822E 9 0 . 1826E 02 0 . 9 3 5 4 E - 01 - 0 . 1029E 01 0 . 4 0 0 0 E
0 . 2277E 9 0 .  1836E 02 0 .  1090E 00 - 0 . 9 6 2 7 E 00 0 . 4 0 0 0  E
0. 2733E 8 O.T744E 02 0 . 8 0 1 0 E - 01 - 0 . 1096E 01 0 .5 0 0 0 E
0 .6 1 4 9 E 8 0 . 1779E 02 0 . 1340E 00 - 0 . 8 7 2 8 E 00 0 . 5 0 0 0 E
0 .9 1  10E 8 0.  1796E 02 0 . 1688E 00 - 0 . 7 7 2 6  E 00 0 . 5000E
0 . 1139E 9 0 .  1806E 02 0 . 1914E 00 - 0 . 7 1 8 2 E 00 0 .5 0 0 0 E
0 . 1594E 9 0 . 1820E 02 0 . 2 2 9 2 E 00 - 0 . 6 3 9 8 E 00 0 . 5000E
0 . 1822E 9 0 .  1826E 02 0 .2 4 5 5 E 00 - 0 . 6 0 9 9 E 00 0 . 5 0 0 0 E
0.22T7E 9 0 .  1836E 02 0 .2 7 4 4 E 00 - 0 . 5 6 1 7 E 00 0 .5 0 0 0 E
0 . 2733E 8 0 .  1744E 02 0 .  1846E 00 - 0 . 7 3 3 8 E 00 0 . 6 0 0 0 E
0 .6 149 E 8 0 . 1779E 02 0 .2 7 5 8 E 00 - 0 . 5 5 9 5 E 00 0 . 6000E
0 . 9 1 10E 8 0 . 1796E 02 0 . 3 2 8 3 E 00 - 0 . 4 8 3 7 E 00 0 .6 0 0 0 E
0 . 1139E 9 0 . 1806E 02 0 .3 6 0 3 E 00 - 0 . 4 4 3 4 E 00 0 . 6000E
0 . 1594E 9 0 .  1820E 02 0 .4 1 0 9 E 00 - 0 . 3 8 6 3 E 00 0 .6 0 0 0  E
0.  T822E 9 0 .  1826E 02 0 .4 3 1 7 E 00 - 0 . 3 6 4 8 E 00 0 . 6000E
0 . 2277E 9 0 . 1836E 02 0 .4 6 7 0 E 00 —0 . 3 3 0 6 E 00 0 .6 0 0 0 E
0 . 2733E 8 0 .  1744E 02 0 .3 1 9 8 E 00 - 0 . 4 9 5 1 E 00 0 .7 0 0 0 E
0 . 6 1 4 9 E 8 0 .  1779E 02 0 . 4 352E 00 - 0 . 3 6 1 3 E 00 0 .7 0 0 0 E
0 .9110E 8 0 .1 7 9 6 E 02 0 .4 9 5 3 E 00 - 0 . 3 0 5 1 E 00 0 .7 0 0 0 E
0 . 1 139E 9 0 .  1806E 02 0 .5 300 E 00 - 0 . 2 7 5 7 E 00 0 . 7 0 0 0 E
0 . 1594E 9 0 . 1820E 02 0 .5 8 2 2 E 00 - 0 . 2 3 4 9 E 00 0 .7 0 0 0 E
0 . 1822E 9 0 .  1826E 02 0 .6 0 2 8 E 00 - 0 . 2 1 9 9 E 00 0 .7 0 0 0 E
0 .2 2 7 7 E 9 0 .1 8 3 6 E 02 0 . 6 3 6 6 E 00 - 0 . 1961E 00 0 .7 0 0 0 E
0 .2 7 3 3 E 8 0 .  1744E 02 0 .4 6 1 1 E 00 - 0 . 3 3 6 3 E 00 0 .8 0 0 0 E
0 .6 149 E 8 0 . 1779E 02 0 .5 8 2 3 E 00 - 0 . 2 3 4 8 E 00 0 . 8000E
0 .9 1 1 0 E 8 0.  1796E 02 0 .640 2 E 00 - 0 . 1937E 00 0. 8000E
0 . 1139E 9 0.  1806E 02 0 .6 7 2 0 E 00 - 0 . 1 7 2 6 E 00 0.  8000E
0.  1594E 9 0 .  1820E 02 0 .7 1 8 0 E 00 - 0 . 1439E 00 0 . 8000E
0 . 1822E 9 0 . 1826E 02 0 .7 3 5 4 E 00 - 0 . 1334E 00 0.  8000 E
0 . 2277E 9 0 . 1836E 02 0 .7 6 3 4 E 00 - 0 . 1  172E 00 0 .8 0 0 0 E
0 .2 7 3 3 E 8 0 . 1744E 02 0 .5 8 9 3 E 00 - 0 . 2 2 9 7 E 00 0 . 9 0 0 0 E
0. 6149E 8 0 . 1779E 02 0 .7 0 2 2 E 00 - 0 . 1535E 00 0 . 9000E
0 . 9 1 10E 8 0 . 1796E 02 0 .7 5 2 0 E 00 - 0 . 1238E 00 0 . 9 0 0 0 E
0 . 1139E 9 0 . 1806E 02 0 . 7 7 8 4 E 00 - 0 . 1088E 00 0 . 9 0 0 0  E
0 . 1594E 9 0 .  1820E 02 0 . 8 1 5 1 E 00 - 0 . 8 8 8 1 E - 01 0 . 9000E
0 . 1822E 9 0 .  1826E 02 0 . 8 2 8 6 E 00 - 0 . 8 1 6 8 E - 01 0 . 9000E
0 .2 2 7 7 E 9 0 .  1836E 02 0 . 8497E 00 - 0 . 7 0 7 4 E - 01 0 . 9000E
0 . 2733E 8 0 .  1744E 02 0 .6 9 5 5 E 00 - 0 . 1577E 00 0 .  1000E
0 .6 1 4 9 E 8 0 . 1779E 02 0 . 7 9 2 5 E 00 - 0 . 1010E 00 0 . 1000E
0 . 9 1 10E 8 0 .  1796E 02 0 . 8 3 2 5 E 00 - 0 . 7 9 6 4 E - 01 0 . 1000E
0 . 1 1 39E 9 0 . 1806E 02 0 .8 5 2 9 E 00 - 0 . 6 9 1 3 E - 01 0 . 1000E
0.  1594E 9 0 .  1820E 02 0 .8 8 0 4 E 00 - 0 . 5 5 3 3 E - 01 0. 1000E
0 . 1822E 9 0 .  1826E 02 0 . 8 9 0 2 E 00 - 0 . 5049E- 01 0 .  1000E
0 . 2277E 9 0 .  1836E 02 0 . 9054E 00 - 0 . 4 3 1 6 E - 01 0.  1000E
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
02
02
02
02
02
02
02
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